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Abstract—The Clouds and the Earth’s Radiant Energy System ters, and collocated cloud spectral imager data on the same
(CERES) is part of NASA's Earth Observing System (EOS). spacecraft. The CERES cloud and radiative flux data products
CERES objectives include the following. should prove extremely useful in advancing the understanding of

1) For climate change analysis, provide a continuation of cloud-radiation inte_ra_ctions, particularly c_Ioud feedback effects

the Earth Radiation Budget Experiment (ERBE) record On the earth’s radiation balance. For this reason, the CERES
of radiative fluxes at the top-of-the-atmosphere (TOA), data shOL_JId be funda_mental to our ability to understand, detect,
analyzed using the same techniques as the existing ERBEand predict global climate change. CERES results should also
data. be very useful for studying regional climate changes associated

2) Double the accuracy of estimates of radiative fluxes at TOA With deforestation, desertification, anthropogenic aerosols, and El

and the earth’s surface; Nifio/Southern Oscillation events.

3) Provide the first long-term global estimates of the radiative ~_ This overview summarizes the Release 2 version of the planned

fluxes within the earth’s atmosphere. CERES data products and data analysis algorithms. These al-

4) Provide cloud property estimates collocated in space and gorithms are a prototype for the system that will produce the

time that are consistent with the radiative fluxes from scientific data required for studying the role of clouds and
surface to TOA. radiation in the earth’s climate system. This release will produce

In order to accomplish these goals, CERES uses data from a a data processing system designed to analyze the first CERES

oo ; . .1 data, planned for launch on Tropical Rainfall Measuring Mission
combination of spaceborne instruments: CERES scanners, which . -
are an improved version of the ERBE broadband radiome- (TRMM) in Novgmber 1997, followed by the EOS morning (EOS-
AM1) platform in 1998.
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are referenced where appropriate. The overview as well as ttadion plans are provided in a separate set of documents
entire set of ATBD'’s that constitute the CERES design are tl(lettp://eospso.gsfc.nasa.gov/validation/valplans.html).

product of the entire CERES Science Team and the CERES
Data Management Team. We have simply summarized that
much larger set of documentation in this document.

Il. HISTORICAL PERSPECTIVE

We will briefly outline the CERES planned capabilities and

Scientific ObjectivesThe scientific justification for the improvements by comparison to the existing ERBE, ISCCP,
CERES measurements can be summarized by the followiagd Surface Radiation Budget (SRB) projects. A schematic of

three assertions.

radiative fluxes and cloud properties as produced by ERBE,

1) Changes in the radiative energy balance of the earfBRB, and ISCCP, as well as those planned for CERES are
atmosphere system can cause long-term climate Chang@@trated in Fig. 1. Key changes in the CERES retrievals as
including a carbon dioxide induced “global warming.” compared to ERBE and SRB include the following.

2) Besides the systematic diurnal and seasonal cycles oft) Scene Identification:

solar insolation, changes in cloud properties, including
amount, height, and optical thickness, cause the largest
changes in the earth’s radiative energy balance.

3) Cloud physics is one of the weakest components of
current climate models used to predict potential global
climate change.

The 1990 Intergovernmental Panel on Climate Change
(IPCC) assessment of the uncertainty of the prediction of
potential future global climate change [25] concluded that
“the radiative effects of clouds and related processes continue
to be the major source of uncertainty.” The United States
Global Change Research Program (USGCRP) classified the
role of clouds and radiation as its highest scientific priority [7].
There are many excellent summaries of the scientific issues
[23], [26], [40], [41], [55] concerning the role of clouds and
radiation in the climate system. These issues naturally lead to a
requirement for improved global observations of both radiative
fluxes and cloud physical properties. The CERES Science
Team, in conjunction with the EOS Investigators Working
Group, representing a wide range of scientific disciplines
from oceans to land processes to atmosphere, has examined
these issues and proposed an observational system with the
following objectives.

1) For climate change analysis, provide a continua-
tion of the ERBE record of radiative fluxes at the
top-of-the-atmosphere (TOA), using CERES data
analyzed with the same algorithms that produced the
ERBE data.

2) Double the accuracy of estimates of radiative fluxes at
the TOA and earth’s surface.

3) Provide the first long-term global estimates of the radia-
tive fluxes within the earth’s atmosphere.

4) Provide cloud property estimates that are consistent with
the radiative fluxes from surface to TOA.

a) ERBE measured only TOA fluxes [1], [2] and used

only ERBE broadband radiance data, even for the
difficult task of identifying each ERBE field-of-view
(FOV) as cloudy or clear [54]. CERES will identify
clouds using collocated high-spectral and spatial
resolution cloud imager radiance data from the
same spacecraft as the CERES broadband radiance
data. CERES will use the Visible Infrared Scanner
(VIRS) on the Tropical Rainfall Measuring Mission
(TRMM), launched in November 1997. VIRS is a
slightly advanced instrument similar to Advanced
Very High Resolution Radiometer (AVHRR), but
which has higher spatial resolution (2 km), adds a
1.6-um channel for improved cloud microphysics
and aerosols, and has a deployable solar diffuser
plate to monitor long-term instrument gain stability.
CERES will use the Moderate Resolution Imaging
SpectroRadiometer (MODIS) on EOS morning
(EOS-AM1) and evening (EOS-PM1) platforms.
MODIS [28] is a major improvement over AVHRR,
with spatial resolutions varying from 250 m to
1 km, several additional cloud remote-sensing spectral
channels (see Section IlI-E3 for details), and greatly
improved solar spectral channel calibration, including
the ability to use the lunar surface as a stability
calibration target.

b) ERBE only estimated cloud properties as one of

four cloud amount classes [54]. CERES will identify
clouds by cloud amount, height, optical depth, and
cloud particle size and phase. CERES will also clas-
sify scenes as single or multilayered. The differences
in cloud property identification for ISCCP, ERBE,
and CERES are shown at the bottom of Fig. 1. For
example, ERBE had no scene identification for cloud
height, optical depth, or cloud particle size.

2) Angular Sampling:

The most recent IPCC assessment of climate change [26] a) ERBE used empirical anisotropic models that were

concludes that the remaining uncertainties include “feedbacks
associated with clouds” and “systematic collection of long-
term instrumental and proxy observations of the climate sys-
tem variables (e.g., solar output, atmospheric energy balance
components, ..” The long-term CERES measurements target
both of these needs.

The CERES ATBD'’s provide a technical plan for accom-
plishing these scientific objectives. The ATBD’s include
detailed specification of data products as well as the
algorithms used to produce those products. CERES vali-

only a function of cloud amount and four surface types
[49]. This left significant rms and bias errors in TOA
fluxes [50]. CERES will fly a new rotating azimuth
plane (RAP) scanner to sample radiation across the
entire hemisphere of scattered and emitted broadband
radiation. The CERES RAP scanner data will be
merged with coincident cloud imager-derived cloud
physical and radiative properties to develop a more
complete set of models of the radiative anisotropy
of shortwave (SW) and longwave (LW) radiation.
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Fig. 1.
ISCCP, and CERES.

Greatly improved TOA flux accuracies should be
possible [56].
3) Time Sampling:

a) ERBE used a time-averaging strategy that relied only
on the broadband ERBE data and used other data
sources only for validation and regional case studies
[5]. CERES will use the three-hourly geostationary
(GEO) satellite data of ISCCP to aid in time inter-
polation of TOA fluxes between CERES observation
times [58]. Calibration problems with the narrowband
ISCCP data (see [29]) will be eliminated by adjusting
the data to agree at the CERES observation times. In

b)

Top: compares radiative fluxes derived by ERBE, SRB, and CERES. Bottom: compares cloud amount and layering assumptions used by ERBE,

relationship between cloud physical properties and
radiative fluxes.

Radiative fluxes within the atmosphere will be esti-
mated using the same radiative model solution used
to obtain the surface fluxes, and they will initially
be provided at 500 hPa (midtroposphere) and 70 hPa
(lower stratosphere). Later, radiative flux estimates at
4-12 additional levels in the troposphere are planned,
with the number of tropospheric levels dependent on
the results of postlaunch validation studies.

I1l. CERES ALGORITHM SUMMARY

this sense, the narrowband data are used to providéaData Flow Diagram

4) Surface and In-Atmosphere Radiative Fluxes:

diurnal cycle perturbation to the mean radiation fields. The simplest way to understand the structure of the CERES
data analysis algorithms is to examine the CERES data flow

a) SRB uses ISCCP-determined cloud properties [38liagram shown in Fig. 2. Circles in the diagram represent

[42], [43], [53] and calibration to estimate surfacealgorithm processes that are formally called subsystems. Sub-
fluxes. CERES will provide two types of surfacesystems are a logical collection of algorithms that together
fluxes: 1) a set based on an attempt to directly relag@nvert input data products into output data products. Boxes
CERES TOA fluxes to surface fluxes (see [8], [27];epresent archival data products. Boxes with arrows entering
and [32]) and 2) a set based on the best informatiéncircle are input data sources for the subsystem, while boxes
on cloud, surface, and atmosphere properties that a¥#éh arrows exiting the circles are output data products. Data
used to calculate surface fluxes, while constraining tifitput from the subsystems fall into the following three major
radiative model solution to agree with CERES TOAypes of archival products.

flux observations [10]. These calculations are first 1) ERBE-like products, which are as identical as possible to
performed at the CERES field of view scale (20 km at the data products produced by ERBE. These products are
nadir) to minimize problems caused by the nonlinear  used for climate monitoring and climate change studies.
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Fig. 2. CERES data flow diagram. Boxes represent input or output archived data products. Circles represent algorithm processes.

They extend as consistently as possible the ERBE TOA

flux climate record.
2)

SURFACE products, which use cloud imager data for
scene classification and new CERES-derived angular

models to provide TOA fluxes with improved accuracy

over those provided by the ERBE-like products. Direct 3)

relationships between surface fluxes and TOA fluxes

are used where possible to construct SRB estimates
that are as independent as possible of radiative transfer
model assumptions. These surface flux estimates can be
tuned directly to surface radiation measurements, such as

those from the international Baseline Surface Radiation
Network (BSRN). These products are used for studies of
land and ocean surface energy budget as well as climate
studies that require higher accuracy TOA fluxes than
those provided by the ERBE-like products.
ATMOSPHERE products, which use cloud-imager-
derived cloud physical properties, National Centers
for Environmental Prediction (NCEP) or EOS Data
Assimilation Office (DAO) temperature and moisture
fields, satellite measured ozone and aerosol data, CERES
observed surface radiative properties, and a broadband
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radiative transfer model to compute estimates of the &]
upward and downward SW and LW radiative fluxes

at the surface, selected levels within the atmosphere,
and the TOA. By adjusting the most uncertain surface
and cloud properties, the calculations are constrained to
agree with the CERES TOA-measured fluxes, thereby
producing an internally consistent data set of radiative
fluxes and cloud properties. These products are designed
for studies of energy balance within the atmosphere as
well as climate studies that require consistent cloud,
TOA, and surface radiation data sets. Data volume is
much larger than for the ERBE-like and Surface data
products.

The data flow diagram and the associated ATBD’s are af } I3
work in progress. They represent the current understanding
the CERES Science Team and the CERES Data Managemegnt -~
Team. The ATBD’s are meant to change with time. To man{. -2 ,
age this evolution, the data products and algorithms will bey "~ R
developed in four releases or versions. NN

Release 1 (1996) was the initial prototype system. Rg- .
lease 1 was sufficiently complete to allow testing on ex-
isting global satellite data from ERBE, AVHRR, and High-Fig' 3. Scan pattern of t\(vo CERES scanners on EOS-AM1 and E_OS—P_Ml

. . spacecraft. One scanner is cross track, the other scanner rotates in azimuth
Resolution Infrared Sounder (HIRS) instruments for Octob@fgie as it scans in elevation, thereby sampling the entire hemisphere of
1986 on NOAA-9. This release provided estimates of thediation.
computational resources required to process the CERES data
as well as sensitivity studies of initial algorithm performanc
for global conditions.

Release 2 (1997) is the first operational system. It is d
signed using the experience from Release 1 and used to pro

the first CERES data following the November 28, 199 Details of the conversion, including ground and onboard

launch of the TRMM. oo .
. libration, can be found in ATBD subsystem 1. The CERES
Release 3 (1998) adds the capability to analyze MODgg'Eanners are based on the successful ERBE design, with the

radiance data to provide cloud properties. Release 3 V\f'ollowing modifications to improve the data

be used to process initial data from the EOS-AM1 platform ] )
planned for launch in June 1998 as well as EOS-PM1 plannedt) mProved ground and onboard calibration by a factor of
two. The accuracy goal is 1% for SW and 0.5% for LW.

for launch in December 2000.
Release 4 (2001) is planned for three years after the launctf) Angular FOV reduced by a factor of two to about 20 km
at nadir for the EOS-AM1 orbit altitude of 700 km.

of the EOS-AM1 platform. Release 4 improvements will ) X )
include new models of the anisotropy of SW and LW radiation ~ 1iS change is made to increase the frequency of clear
using the CERES RAP scanner as well as additional vertical Sy and single-layer cloud observations as well as to
levels of radiative fluxes within the atmosphere. The delay ~ @&llow better angular resolution in the CERES-derived
in deriving the new angular models is caused by the need 2angular distribution models (ADM's), especially for
for approximately two years of global observations to obtain _ large viewing zenith angles. _
sufficient statistical sampling for a complete range of surface3) !mproved electronics to reduce the magnitude of the
and cloud conditions. Note that Release 4 will require a  ERBE offsets. .
reprocessing of the earlier Release 2 and 3 data to provide 4) Improved spectral flatness in the broadband SW channel.
time-consistent climate data set for the CERES observations.5) Replacement of the ERBE LW channel (nonflat spectral
Further detailed descriptions of the CERES data products ~eésponse) with an 8-12m spectral response window.
can be found in the EOS Reference Handbook and in theThe CERES instruments are designed so that they can easily
EOS Data Products Catalog. Both documents can be foundperate in pairs, as shown in Fig. 3. In this operation, one of
http://eospso.gsfc.nasa.gov. The following sections give a bribf instruments operates in a fixed azimuth cross-track scan
summary of the algorithms used in each of the subsystefdsI'S), which optimizes spatial sampling over the globe. The
shown in Fig. 2. second instrument (RAP scanner) rotates its azimuth plane
. scan as it scans in elevation angle, thereby providing angular
B. Subsystem 1: Instrument Geolocate and Calibrate gampling of the entire hemisphere of radiation. The RAP
Earth Radiances (Level 1b Data Product) scanner, when combined with cloud imager classification of
The instrument subsystem converts the raw, level 0 CERE®ud and surface types, will be used to provide improvements
digital count data into geolocated- and calibrated-filtered radiver the ERBE ADM’s (ATBD subsystem 4.5). Each CERES

&nces for three spectral channels: total channel (solar reflected
and thermal emitted radiation from 0.3-206), SW channel
olar reflected radiation from 0.3-6m), and LW win-
S channel (thermal emitted radiation from 8-1) [30].
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instrument is identical, so either instrument can operate GERES broadband radiometer on TRMM in 1997, CERES
either the CTS or RAP scan mode. An initial set of sixises the VIRS cloud imager as input. For the next launches on
CERES instruments is being built, including deployment cBOS-AM1 (1998) and EOS-PML1 (2000), CERES will use the

the following MODIS cloud imager data as input. This subsystem matches
1) TRMM (1 scanner), 35 inclined precessing orbit, imager-derived cloud properties with each CERES FOV and
launched November 1997; then uses either ERBE ADM’s (Releases 1-3) or improved
2) EOS-AM1 (2 scanners), 10:30 a.m. sun-synchrono@&=RES ADM's (Release 4) to derive TOA flux estimates for
orbit, launch June 1998; each CERES FOV. Until new CERES ADM'’s are available
3) EOS-PM1 (2 scanners), 1:30 p.m. sun-synchronous #htee years after launch, the primary advance over the ERBE
bit, launch January 2000; TOA flux method will be to greatly increase the accuracy
4) TRMM follow on, 57 precessing orbit 2002 (not yetof the clear sky fluxes. The limitations of ERBE clear sky
confirmed). determination as a result of the 40-km spatial resolution and

the lack of collocated imager data cause the largest uncertainty
C. Subsystem 2: ERBE-Like Inversion to Instantaneous in current estimates of cloud radiative forcing. In Release 4,
TOA Fluxes (Level 2 ERBE-Like Data Product) using new ADM’s, both rms and bias TOA flux errors for all
The ERBE-like Inversion Subsystem converts filtere§cenes are expected to be a factor of three—four smaller than

CERES radiance measurements to instantaneous radiative H1pS€ for the ERBE-like analysis. _

estimates at the TOA for each CERES FOV. These ERBE-like!" addition to improved TOA fluxes, this subsystem also
TOA fluxes then provide the most consistent data product wighovides the CERES FOV matched cloud properties used
historical ERBE measurements. The basis for this subsyst@ Subsystem 5 to calculate radiative fluxes at the surface
is the ERBE Data Management System, which producéﬁ'd within the atmosphere that are con5|§tent with the TOA
TOA fluxes from the ERBE scanning radiometers onboard tflsxes for each CERES FOV. Finally, this subsystem also
Earth Radiation Budget Satellite (ERBS) and NOAA-9 an@rovides estimates of. surface fluxes using direct TOA—to_—
10 satellites over a five-year period from November 1984 /rface parameterizations. Because of its complexny,_ _th|s
February 1990 [1], [2]. The ERBE Inversion Subsystem [Aaubsystem has been further decomposed into six additional
is a mature set of algorithms that has been well document@¢Psystems. o .

and tested. The strategy for the CERES ERBE-like products ist) Imager Clear Sky Determination and Cloud Detection:
to process the data through the same algorithms as those usdi§ subsystem is an extension of the ISCCP time-history
by ERBE with only minimal changes, such as those necess roach with several key improvements, including the use
to adapt to the CERES instrument characteristics. Thekthe following:

data products are also independent of almost all auxiliary &) multispectral clear/cloud tests (see [21]);

data, such as ISCCP, VIRS, MODIS, four—dimensional (4-D) b) improved spatial and spectral resolution clear sky

assimilation fields, etc. background maps;

c) improved calibration for VIRS and especially
D. Subsystem 3: ERBE-Like Averaging to Monthly MODIS; and
TOA (Level 3 ERBE-Like Data Product) d) improved navigation (approximately 3 km for TRMM

This subsystem temporally interpolates the instantaneous ~ &nd <1 km for EOS-AM1).
CERES flux estimates to compute ERBE-like averages of2) Imager Cloud Height Determinationfor ISCCP, this
TOA radiative parameters. CERES observations of SW aftep is part of the cloud property determination. CERES
LW flux are time averaged using a data interpolation methg@parates this step and allows the use of the following three
similar to that employed by the ERBE Data Managemefitdependent techniques to search for well-defined cloud layers:
System. The averaging process accounts for the solar zenith a) comparisons of multispectral histogram analyses to
angle dependence of albedo during daylight hours as well theoretical calculations [36];
as the systematic diurnal cycles of LW radiation over land b) spatial coherence [14]; and
surfaces [5]. The averaging algorithms produce daily, monthly- c¢) infrared sounder radiance ratioing (& band chan-

hourly, and monthly means of TOA SW and LW flux on nels) [4], [34] (available for MODIS only).
regional, zonal, and global spatial scales. Separate calculatigigile the analysis of multilevel clouds is at an early de-
are performed for clear sky and total sky fluxes. velopment stage, it is considered a critical area and will be

. . ~_examined even in Release 2 of the CERES algorithms. The
E. Subsystem 4: Overview of Cloud Retrieval and Radiati\g.eq for identification of multilayer clouds arises from the
Flux Inversion (Level 2 Surface and Atmosphere Data Producnsitivity of surface downward LW flux to low-level clouds
One of the major advances of the CERES radiation budgstd cloud overlap assumptions. Release 2 will only attempt
analysis over ERBE is the ability to use time- and spacts classify which imager pixels contain overlapping clouds.
matched high-spectral and spatial resolution cloud imager da&ter releases will examine the potential to derive multiple
to determine cloud and surface properties within the relativetyoud layers. There are two promising techniques for deriving
large CERES FOV (20-km diameter for EOS-AM1 and EOSnultiple cloud layers from satellite: a combination of infrared
PM1, 10-km diameter for TRMM). For the first launch of thesounder data for high optically thin cloud and imager data for
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. . . . . 700, 500, and 300 hPa. Cloud properties are weighted by the point spread
Fig. 4. lllustration of the CERES cloud algorithm using cloud imager datgynction to match cloud and radiative flux data.
from VIRS and MODIS. Imager data are overlaid by a geographic scene map,

cloud mask, and cloud overlap condition mask. For each imager FOV, clo Lf%d . . . .
properties are determined for one cloud layer (Release 2) or up to two cloP iative properties are nonlinearly related to cloud optical

layers (Releases 3 and 4). depth, a frequency distribution of cloud optical depth is kept
) ) ) for each cloud height category in a CERES FOV.
an underlying low thick cloud, as shown in Bawenal. [4], 5y cERES Inversion to Instantaneous TOA Flux@te

and a combination of imager data for high thick ice cloud angq,q properties determined for each CERES FOV are used to
passive microwave for an underlying low thick water cloudgiect an ADM class to convert measured broadband radiance
over the ocean, as shown in Let al. [33]. _ into an estimate of TOA radiative flux. In Releases 1-3, the
3) Cloud Optical Property RetrievalfFor ISCCP, this step erge ADM classes will be used. After several years of
involves the determination of a cloud optical depth USiNgERES RAP scanner data have been obtained, new ADM'’s
visible channel reflectance. An infrared emittance is derivegd pe developed as a function of cloud amount, cloud height,
using thils visible. optical depth along with an assumption of, optical depth, and cloud particle phase and size. An
cloud microphysics (1@m water spheres for warm cloudsiynortant characteristic of these empirical ADM's is that they
and ice polycrystals for cold clouds). Finally, during daytimey, not rely on plane-parallel radiative transfer theory and can,
ISCCP uses the cloud infrared emittance estimate to correct fHSrefore, include the effect of three-dimensional (3-D) cloud
cloud radiating temperature for nonblack clouds. The CEREg ,cture. For clear sky conditions, a range of clear sky land
analysis extends these properties to include cloud particle S8y classes will be made based on the 17 International Geo-
and phase estimation by using additional spectral channelggfere_Biosphere Program (IGBP) land cover classes. Several
1.6 and 3.7:m (TRMM, MODIS) or 1.6 and 2.im (MODIS) = ocean ADM's will be made based on surface wind speed.
during the day [28], [35] and 3.7 and 8/hm (TRMM, gy Empirical Estimates of Surface Shortwave and Longwave
MODIS) at night. In addition, the use of infrared soundeg,giative Fluxes Based on CERES TOA Flux Measurements:
channels in subsystem 4.2 allows correction for the presenggs syhsystem uses parameterizations to directly relate the
of nonblack cirrus cloud for both daytime and nighttime CONcERES TOA fluxes to surface fluxes. There are three primary
ditions [4], [34]. The CERES cloud property analysis schemgyyantages to using parameterizations, as follows:
illustrated in Fig. 4 shows a schematic drawing showing the 1) can be directly verified against surface measurements;

cloud imager pixel dat‘?‘ overlaid with a geographic mask of 2) maximizes the use of the CERES calibrated TOA fluxes;
surface type and elevation, the cloud mask from subsystem 4.1, and

the cloud height and overlap conditions specified in subsystenb) computationally simol d efficient
4.2, and the column of cloud properties for each imager pixel puta |on§ y S'mP € and efhcient. )
in the analysis region. There are two primary disadvantages to this approach, as
4) Convolution of Imager Cloud Properties with CERE&IIOWS:

Footprint Point Spread Functionfor each CERES FOv, 1) difficult to obtain sufficient surface data to verify direct
the CERES point spread function is roughly Gaussian in  parameterizations under all cloud, surface, and atmos-
shape (top of Fig.5) and is used to weight the individ-  Phere conditions; and

ual cloud imager footprint data to provide cloud properties 2) may not be able to estimate all individual upward
matched in space and time to the CERES broadband radiance and downward surface fluxes with sufficient accuracy,
measurements [37]. The 20-km CERES FOV size at nadir  especially downward LW flux at the surface under
is the distance between the 50% response points in the cloudy sky conditions.

response function. The point spread response function id~@r Release 2, we have identified parameterizations to derive
spatial domain analog of a spectral response function feurface net SW radiation [8], [32], clear sky downward LW
a narrowband cloud imager spectral channel. Because cldluk [27], and total sky downward LW flux [19], [20]. Recent
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studies [9], [39] have questioned the applicability of the [32] to be more accurate than radiative model computations

surface SW flux algorithm, but this algorithm will be used in of surface fluxes; and

Release 2, pending the results of further validation. 6) save final flux calculations, initial TOA discrepancies,
The combined importance and difficulty of deriving surface and surface/atmosphere property adjustments along with

radiative fluxes has led CERES to a twofold approach. The original surface and cloud properties.

results using the parameterizations given in subsystem 4.Gyhile global TOA fluxes have been estimated from satel-
are saved in the CERES Surface Product. A separate @ for more than 20 years, credible, global estimates for
proach using the imager cloud properties, radiative trans@irface and in-atmosphere fluxes have only been produced

models, and TOA fluxes is summarized in subsystem 5@Qqpally in the last few years [11], [15], [20], [32], [38], [48],

and these surface fluxes are saved in the CERES Atmosphefg. Key outstanding issues for SARB calculations include

Products. Both of the approaches in subsystems 5.0 and $h& following:

use radiative modeling to varying degrees. The difference is ) cloud layer overlap, which primarily affects the surface

that the radiative models in the Surface Product are used1 and atmosphere L\;v fluxes [12];

to derive the form of a simplified parameterization between ) effect of clgud inhomoaeneit [3’] [6];

satellite observations and surface radiative fluxes. The satellit%) 3-D cloud effects [24] 9[44]_ Y 1s] 10k

pbservatlons are pf_”_“a“'y CERE.S TOA fluxes, but they 4) potential enhanced cloud absorption [9], [39], [46]; and

include selected auxiliary observations, such as column water, S . ; D
A ... 5) land surface bidirectional reflection functions, emissiv-

vapor amount. These simplified surface flux parameterizations ity, and surface skin temperature

are then tested against surface radiative flux observations. ) o
If necessary, the coefficients of the parameterizations are Of Release 2, SARB will use plane-parallel radiative model

adjusted to obtain the optimal consistency with the surfag@lculations and will treat cloud inhomogeneity by performing
observations. separate radiative computations for up to two nonoverlapped

Ultimately, the goal is to improve the radiative modelingloud layers in each CERES FOV. The average CERES FOV

and physical understanding to the point where they are mdéttical depth for each cloud layer is defined by averaging
accurate than the simple parameterizations used in the Surfd® logarithm of imager pixel optical depth values, each
Product. In the near-term, validation against surface obser¥¢gighted by the CERES point spread function. The logarithmic
tions of both methods in subsystems 4.6 and 5.0 will be usedf¥eraging of optical depth uses the assumption that albedo
determine the most accurate approach. If the simplified surfaties more linearly with the logarithm of optical depth [42].
flux parameterizations prove more accurate, the surface fluddis reduces the uniform plane parallel bias noted by Barker
derived in subsystem 4.6 will also be used as a constraint ®nal. [3] and Cahalaret al. [6].

the calculations of in-atmosphere fluxes derived in subsystenf-or Release 2, adjustment of the calculated fluxes to con-
5.0. This would be a weaker constraint than TOA fluxes, giveéstency with the CERES instantaneous TOA fluxes can be

the larger expected errors for the surface flux estimates. thought of as providing an “equivalent plane-parallel” cloud.
For example, consider a fair weather cumulus field over Brazil

viewed from the CERES and MODIS instruments. Because the
F. Subsystem 5: Compute Surface and Atmospheric CERES ADM's are developed as empirical models that are
Fluxes (Level 2 ATMOSPHERE Data Product) a function of cloud amount, cloud height, and cloud optical
This subsystem is commonly known as Surface and Adepth, the CERES radiative flux estimates can implicitly
mospheric Radiation Budget (SARB) and uses an alternditelude 3-D cloud effects for broken boundary layer cumulus
approach to obtain surface radiative fluxes as well as obtainiagd, in principle, can produce unbiased TOA flux estimates.
estimates of radiative fluxes at predefined levels within tiéote that this would not be true if CERES had inverted
atmosphere. All SARB fluxes include SW and LW fluxes foradiance to flux using plane-parallel theoretical models. The
both up and down components of the flux at all defined outpcibud optical depth derived from MODIS data, however, has
levels from the surface to the TOA. For Release 2 (shovioreen derived using a plane-parallel retrieval. If this imager
in Fig. 1), output levels are the surface, 500 hPa, 70 hRaoud optical depth is in error because of 3-D cloud effects,
and TOA. The major steps in the SARB algorithm for eacthe calculated SARB TOA SW flux will be in error and the

CERES FOV include the following: cloud optical depth will be adjusted to compensate, thereby
1) input surface data (albedo, emissivity); achieving a plane-parallel cloud optical depth that gives the
2) input meteorological data (T, g,sQaerosol); same reflected flux as the 3-D cloud. In an analogous fashion
3) input imager cloud properties matched to CERE®r the LW fluxes, cloud amount might require adjustment

FOV's; to remove 3-D cloud artifacts. In all cases, cloud property
4) use radiative model to calculate radiative fluxes froghanges are applied consistently to calculations of both SW
observed properties; and LW fluxes.

5) adjust surface and atmospheric parameters (e.g., cloudests against measured surface fluxes will be required to
or precipitable water) to get consistency with CERESerify if these adjustments to the model TOA fluxes and
observed TOA SW and LW fluxes; constrain parametectoud properties can consistently and accurately reproduce
to achieve consistency with subsystem 4.6 surface fltixe surface fluxes. These comparisons have begun using the
estimates if validation studies show these surface fluxd®M Oklahoma Intensive Observing Periods (IOP’s) in a
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joint CERES/ARM/GEWEX effort called CAGEX [10]. The A B C
CAGEX results and data sets can be accessed on the web : ~ .
using http://snowdog.Iarc.nasa.gO\_/:8081/_cagex.htmI. The data Erbe OLR= m : _]ﬁ
products from the SARB calculations will include both the — '°% i ined OLR= 2795 1 r
magnitude of the required surface and cloud property ad- 2q0 — \ ‘1 ;
justments as well as the initial and final differences between ,\——J | I
calculated and TOA measured fluxes. An example calculation —>%° 2 k E
of LW fluxes and LW atmospheric heating rate both before and %400{ AJ ‘
after adjustment to match TOA observations using the ERBE :)’5005 ‘ E
y Bl

data is illustrated in Fig. 6 for a clear sky ocean case. FL &
w
48]

refers to the radiative transfer model of Fu and Liou [17], [18] 600 " r
and is the baseline radiative transfer model used for CERES 5700 \ [
SW and LW radiative calculations. HCW is a comparison i i
radiative model calculation using Harshvardieral. [16] and 800 g SH Nete-43.4 J W
Wanget al. [51] for LW fluxes and Chou [13] for SW fluxes. 900 ErJS;‘g:jesf" l(\:let=6t—_5_5 " -
In the clear sky ocean case shown in Fig. 6, differences in Jﬁ ' ‘j;
the radiative models are larger than the adjustments required %%z =3 T

—2 -1 O 0
to match the ERBE TOA fluxes. For Releases 1 and 2, this HEATING RATE (K/DAY)

approach is tested using AVHRR and HIRS data to derivgy. 6. Test analysis of a clear-sky ERBE FOV over the ocean using NMC
cloud properties and ERBE TOA flux data to constrain themperature and water vapor. Initial calculation of TOA LW flux is in error
: by 5.6 WnT2, and the water vapor amount is tuned to match the TOA value.
calculations at the TOA. Curve A shows the tuned LW heating rate profile (degrees/day). Curve B
shows the difference between tuned and untuned heating rates. Curve C shows
the difference between the calculations of two different radiative transfer

G. Subsystem 6: Grid Single Satellite Fluxes models.
and Clouds and Compute Spatial Averages )
(Level 3 ATMOSPHERE Data Product) altitude cloud have a large effect on LW flux. For low clouds,

) i they have almost no effect. Cloud height changes of either low
The next step in the processing of the CERES Atmosph&sg high clouds will have a roughly similar effect. If we had

Data Products is to grid the instantaneous CERES FOV diftead considered a change in surface downward LW flux, the
output from subsystem 5.0 into the EOS standafcequal |6y clouds would dominate and the high clouds would have
angle grid boxes. Note that all CERES level 2 (FOV) daigje effect. These are exactly the type of changes we need

products are stored in 1-h orbit segments along the satellifeeyamine and understand to address issues of cloud/climate
ground track. This method was chosen to simplify later subSglagnack. If we carry this analogy further, we can see that it is

ting of the data, to reduce data volumes, and to simplify Sortifg o tant to consider the impact of cloud changes on at least
for later time interpolation of multiple satellite data productsnVe basic parameters, as follows:

The I equal angle grid was chosen by EOS to simplify )

comparisons to global land, ocean, and atmosphere models. g tw ggvv\\;z\:\?a;ogj:::éé flux:

high latitudes, where the distance between longitudinal step ’

becomes smaller, CERES will increase the longitude steps bf) SW upward TQA or downwar'd surface flux (expected

factors of two to maintain consistent accuracy in the gridding tp b_e roughly I|near!y related);

process. Cloud properties and TOA fluxes from subsystem 44) !IQUId water volume; and

and the additional surface and atmospheric radiative fluxess) ice water volume.

added in subsystem 5 are weighted by their respective ardig first three of these parameters are critical to cloud radiative

coverage in each grid box. forcing issues, and the last two are critical to cloud dynamical
While spatial averaging of surface, atmosphere, and TOR0deling. We could also add in-atmosphere LW and SW net

radiative fluxes is relatively straightforward, spatial averagirf§xes, but the five above are a good start. While the CERES

of cloud properties is not so straightforward. The issue is md§g&m has not yet resolved the optimal way to average cloud

obvious when we consider the f0||owing thought experimerﬁ_roperties, it has included in the data structures the capablllty

We compare monthly averagé gridded LW TOA fluxes in t0 experiment using the early postlaunch data with various

the tropica| Pacific Ocean for June of two years, one that W&gmulations. Global circulation model simulations will also be

during an ENSO (EI Nio/Southern Oscillation) event and onéery useful in understanding the optimal methods to composite

that was not. We find a large change in TOA LW flux and wargloud properties.

to know what change in cloud properties caused the change: , , i

cloud amount, cloud height, or cloud optical depth? Becau Subsy;tem 7 -T|me Interpola_mon and Synoptlc Flux

cloud properties are nonlinearly related to radiative ﬂuxegomputatlon for Single and Multiple Satellites

and if we have simply averaged over all of those nonline&réveél 3 ATMOSPHERE Data Product)

relationships, we cannot guarantee that the question has aBtarting in January 1998, CERES will have one precessing

unambiguous answer. For example, consider that for TQuatellite (TRMM) sampling each location on the earth twice

LW flux, changes in cloud amount or optical depth of a higher day from roughly 40 S to 40 N. In June 1998, the
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EOS-AML1 platform with a 10:30 a.m. sun-synchronous orbit 350
will increase diurnal sampling to four times per day for
most of the earth. In 2000, the EOS-PM1 satellite with & 300
1:30 p.m. sun-synchronous orbit will be launched. If TRMME
is still functioning, or when a TRMM follow-on is launched, x250
CERES will then have its design goal of six samples per day:
Simulation studies using hourly GOES data indicate that th
ERBE time-space averaging algorithm gives regional monthly
mean time sampling errors 4], which are approximately as ~ '°° '2' '3'. '4' 15; 16' 17' lé 'é 116 '1'1 '1'2 '1‘3 11;1 '1'5'
follows: Local Time (Day of Month)

1) 9 W-m2 for TRMM alone;

2) 4 W-m2 for TRMM plus EOS-AM1; and

3) 2 W-mr2 for TRMM plus EOS-AM1 plus EOS-PM1. 300

Since satellites can fail prematurely, it is useful to provideg ]
a strategy to reduce time sampling errors, especially for th%’ 250
single satellite case. T .
The CERES strategy is to incorporate three-hourly GEGE 200 €
radiance data to provide a correction for diurnal cycles that
are insufficiently sampled by the CERES samples from EOS- 150
AM1, EOS-PM1, and TRMM. The key to this strategy is to
use the GEO data to supplement the shape of the diurnal cycle,
but then use the CERES observations as the absolute referdrige’- Time series of ERBE ERBS (solid squares) and NOAA-9 (open
t hor the more poorly-calibrated GEO data (Fig. 7) Ot:lrcles) LW flux observations and interpolated values from July 1985 over
0 anc s p Yy ’ ) 9. 7). Ollfew Mexico. Top curve shows the ERBE time-interpolated values; bottom
advantage of this method is that it produces three-houmdyrve shows the GEO data-enhanced interpolation.

synoptic radiation fields, both for use in global model testing

and for improved examination of diurnal cycles of clouds angjith CERES. The ISCCP cloud properties are limited by GEO
radiation. The output of subsystem 7 is @adridded estimate gpatial resolution, spectral channels, and calibration accuracy.
of cloud properties and surface, atmosphere, and TOA flux@sthis sense, it would be necessary to “calibrate” the ISCCP
at each three-hourly synoptic time. These estimates are ai§Qd properties against the TRMM and EOS cloud properties.
used later in subsystem 8 to aid in the production of monthije are currently performing sensitivity studies on the utility

200 ¢

350

Pl I U NI N NI ST SNAPIN ST SN I S . S |
12 3 4 5 6 7 8 9 10 1112 13 14 15
Local Time (Day of Month)

average cloud and radiation data. of the ISCCP cloud properties for this purpose.
The process for synoptic processing involves the following
steps. I. Subsystem 8: Monthly Regional, Zonal, and

1) For each 1region, temporally sort the CERES TRMM,Global Radiation Fluxes and Cloud Properties
EOS-AM1, and EOS-PM1 gridded cloud and radiatio(ATMOSPHERE Data Product)

data produced by subsystem 6. This subsystem uses the CERES instantaneous radiative flux
2) For each 1_ region, temporally sort the three-hourly,4 cloud data (TRMM, EOS-AM1, EOS-PM1 observation
near-synoptic GEO data. _ times) as well as the synoptic radiative flux and cloud data
3) Interpolate cloud properties from the CERES times f,hsystem 7) and time averages to produce monthly averages
observation to the synoptic times. at regional, zonal, and global spatial scales. Initial simulations
4) Use the cloud properties to select an ADM scene clagging hoth one- and three-hourly data have shown that simple
convert the narrowband GOES radiance to broadbaggeraging of the three-hourly results is adequate for calculating
(using regional correlations to CERES broadband obsonthly average LW fluxes. SW flux averaging, however, is
servations), and then convert the broadband radianggre problematic. The magnitude of the solar flux diurnal
to broadband TOA flux (using the CERES broadband,cle is ten to 100 times larger than that for the LW flux.
ADM’s). . For SW flux time averaging, a key issue is to avoid biases
5) Use the diurnal shape of the radiation fields derived fropysed by the systematic increase of albedo with solar zenith
GEO data, but adjust this shape to match the CEREggle between times of observation as well as between sunset
times of observations to account for calibration errors ifnd sunrise and the first daytime observation. The CERES SW
the GEO data. flux time averaging procedure [22] starts from the three-hourly
6) Use the time-interpolated cloud properties to calculat§noptic data, and then time interpolates to a finer resolution
radiative flux profiles, as in subsystem 5, using th@me grid using methods analogous to ERBE [5] for other
synoptic TOA flux estimates as a constraint. hours of the day with significant solar illumination. Validation
The system described above could also use the ISCCP G&lQhese time interpolation techniques for SW radiation at the
cloud properties. The disadvantage of this approach is thasitrface are being carried out using surface measurements of
incorporates cloud properties that are systematically differesdlar insolation, such as those provided by the ARM or BSRN
and less accurate than those from the cloud imagers flyisiges [22].
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J. Subsystem 9: Grid TOA and Surface Fluxes the GEO data sets is approximately 4-10 km. These data are
for Instantaneous Surface Product gridded and spatially averaged into CERES=tjual angle grid
(Level 3 SURFACE Data Product) boxes using functions described in subsystem 6. The outputs

This subsystem is essentially the same process as in sub§>9§-3i3t of statistics (e.g., mean) of the visible and infrared

tem 6. The major difference is that instead of gridding data frowband radiances for each of the CERESgfid boxes

be used in the Atmosphere Data Products (subsystems 528} €ach of the three-hourly synoptic times. This data product
resents a major input source for both subsystems 7 and 10.

this subsystem spatially grids the data to be used in the Surf4t8
Data Products (subsystems 9 and 10). The spatial grid is the _ o _
same: 1 equal angle. See the data flow diagram (Fig. 2) afd- Subsystem 12: Regrid Humidity and Temperature Fields

the discussion in Section 11I-E6 and llI-F for a summary of the This subsystem interpolates temperature, water vapor,
difference between the Atmosphere and Surface Data Produgttsne, aerosols, and passive microwave column water vapor

obtained from diverse sources to the spatial and temporal
K. Subsystem 10: Monthly Regional TOA and Surface ~ fesolution required by various CERES subsystems. Most of
Radiation Budget (SURFACE Data Product) the inputs come from EOS Data Assimilation Office (DAQO) or

AA NCEP 4-D analysis products, although the subsystem

. . . N
b The time ﬁvzrag_:_r;]g f?r the Sur:fa:jcg Data Productis Eroglquc cepts input from many different sources on many different
y two methods. The first method Is the same as the ids. The outputs consist of the same meteorological fields

method that produces the ERBE-like product in subsystemag the inputs, but at a uniform spatial and temporal resolution

with the following exceptlons:: necessary to meet the requirements of the other CERES
1) improved CERES ADM's for the scene-dependent solgrocessing subsystems. Interpolation methods vary, depending

zenith angle dependence of albedo; on the nature of the field. For Release 2, CERES is planning
2) improved CERES ADM's for the scene-dependent solgs yse the DAO analysis products. One of the key issues for
zenith angle dependence of albedo; use of analysis products in a climate data set is the “freezing”

3) improved cloud imager scene identification (subsystegi the analysis product algorithms during the climate record.
4) and improved CERES ADM's to provide more acCupaQ has agreed to provide a consistent analysis method for
rate instantaneous TOA fluxes. CERES.

Simulation studies indicate that for this method the monthly
averaged fluxes will be a factor of two—three more accurate
than the ERBE-like fluxes.

The second method incorporates GEO radiances similar to
the process outlined for synoptic products in subsystem 7. We ] ]
include this method to minimize problems during the initial While the direct ties to VIRS on TRMM and MODIS on
flight with TRMM when we have only one spacecraft with twd=OS have been obvious throughout this overview, there are
samples per day. As the number of satellites increases to thiBéirect ties between the CERES data products and many of
the GEO data will have little impact on the results. Becaud@® EOS instruments. Furthermore, there is an opportunity
one of the major rationales for the Surface Data Products istfh Substantially increase the ability to detect cloud overlap
keep surface flux estimates as closely tied to the CERES dirB¥t Using the passive microwave retrievals of cloud liquid
observations as possible, this subsystem will not calculate Water path from the TRMM Microwave Imager (TMI) as well
atmosphere fluxes and will derive its estimates of the surfa@e the Advanced Microwave Scanning Radiometer (AMSR)
fluxes using the parameterizations discussed in subsystem Mgtrument on EOS-PM1 (2001). METOP (2001) is the morn-
This level 3 Surface Data Product will also have a mudR9 sun-synchronous European meteorological satellite that

smaller data volume than the Atmosphere Data Product. May provide passive microwave data in the same orbit as
the EOS-AM1 platform. This constellation of instruments

) ) would allow a three-satellite system with CERES/cloud im-

L. Subsystem 11: Grid GEO Narrowband Radiances ager/passive microwave instruments on each spacecraft. This

CERES will use three-hourly GEO radiance data to assmiite provides both adequate diurnal coverage as well as a
diurnal modeling of TOA fluxes and minimize temporal intergreatly increased ability to detect the presence of multilayer
polation errors in CERES monthly mean TOA flux productslouds, even beneath a thick cirrus shield. Passive microwave
This subsystem is essentially the same process as in subsydiguid water path retrievals will be tested using TRMM data
6. The major difference is that the process is performed éor multilayer clouds over the ocean and may be included for
GEO radiances instead of CERES TOA fluxes. The curreRelease 4.
input data to the CERES algorithms are one month of three-The Multi-angle Imaging SpectroRadiometer (MISR) and
hourly ISCCP B1 GEO data, which contain visible and infrarefldvanced Spaceborne Thermal Emission and Reflection Ra-
narrowband radiances from different satellites. At the presatiometer (ASTER) onboard the EOS-AM1 platform will pro-
time, GEO data are available for four satellites: METEOSAN,de key validation data for the CERES experiment. MISR can
GOES-East, GOES-West, and GMS. Negotiations are underew 300-km wide targets on the earth nearly simultaneously
way to use either INSAT or the Chinese FY-2 satellite gsvithin 10 min) from nine viewing zenith angles using nine
the fifth GEO satellite for ISCCP. The spatial resolution aseparate charge-coupled device (CCD) array cameras. This

IV. RELATIONSHIPS TOOTHER EOS NSTRUMENTS
AND NON-EOS HRELD EXPERIMENTS ALGORITHM
VALIDATION AND INTERDISCIPLINARY STUDIES
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capability provides independent verification of CERES SWroperties. The ARM sites in Oklahoma, the tropical western
bidirectional reflectance models as well as stereo cloud heidtdacific Ocean, and the north slope of Alaska will provide the
observations. For radiative fluxes, MISR has better angulaost critical long-term time series of validation data. These
sampling than CERES, but at the price of poorer time and spaites will include measurements of SW and LW surface fluxes,
tral information (narrowband instead of broadband). The Poloud base height from lidar, multiple cloud layers from cloud
larization of Directionality of Earth’s Reflectances (POLDERj)adar, passive microwave-derived liquid water path, and
instrument launched on the Advanced Earth Observing Systeewly developing estimates of the vertical profiles of cloud
(ADEOS-1) platform in 1996 and on ADEOS-2 in 2000microphysics in both water and ice cloud layers. The newly
will also allow tests of CERES anisotropic models usindeveloping ARM vertical profiles of cloud microphysics and
narrowband models. ASTER on the EOS-AM1 platform wiltloud boundaries will be critical for validation of satellite-
provide Landsat-like very high spatial resolution data to tederived cloud properties. Because thousands of cases are
the effect of MODIS and VIRS coarser resolution data (i.eneeded to provide stable error statistics as a function of cloud
beam filling problems) on the derivation of cloud propertiestype and satellite viewing condition, CERES is proposing a
In September 1994, the Lidar In-Space Technology Ekootstrapped approach to satellite cloud property validation.
periment (LITE) provided the first high-quality global lidarFirst, in situ aircraft microphysical data are used to validate
observations of cloud height from space. These data will Blge ARM site vertical cloud profiling capabilities based on
a key source for determining the spatial scale of cloud heigtmmbining cloud lidar, radar, and passive radiometer data.
variations around the globe. Unfortunately, the limited dutyhen in turn, the ARM time series of cloud properties is
cycle of lidar data collection during the two-week space shuttlised to validate all satellite overpasses of the ARM sites
mission resulted in only a few coincidences with GOES®ver a period of several years. The resulting large number
SSM/I, or NOAA polar orbiting spacecraft. Nevertheless, thef validation cases are used to gather robust statistics on
limited data available showed that unlike aircraft- or surfacéhe accuracy of cloud remote sensing as a function of cloud
based lidar, the space-based lidar could penetrate to the topype and satellite viewing condition (e.g., day, night, nadir
boundary layer cloud or to the surface of the earth at least 8846w, and large viewing zenith angles). For surface fluxes,
of the time [59]; due to additional forward scattered photoribe BSRN sites will provide additional sites for carefully
that remain within the relatively large space-based lidar fiefthlibrated and maintained SW and LW surface fluxes. The
of view of 300 m. major limitation of the ARM sites will be the lack of
Given the relative importance of multilayered cloud t®bservations in other important climatic regimes, such as
calculations of LW surface and atmospheric radiative fluxedgsert, midlatitude ocean, tropical land, subtropical ocean, and
clearly a space-based cloud lidar and/or radar mission higavily vegetated midlatitude land. The major limitation of the
essential in the future. Recent studies in support of NASABSRN sites is the lack of quantitative cloud data. To mitigate
new Earth System Science Pathfinder (ESSP) program indics@e of this difficulty, CERES will be placing micropulse
that the ideal combination to resolve all multilayered cloutidar systems for cloud base measurements at BSRN sites in
is a lidar for optically thin and physically thin cloud layersBermuda, Saudi Arabia, and at a tropical land site.
combined with a cloud radar (3- or 8-mm wavelength) for Finally, field experiment campaigns will be necessary to
optically and physically thick cloud layers. Space-based clogtend the climatological regimes sampled by the ARM and
lidar can resolve thin clouds to 50-m vertical resolution, whilBSRN sites. These campaigns will allow coordination of
cloud radar has a vertical resolution of about 500 m. At trurface andn situ aircraft measurements of cloud properties
same time, a cloud radar will be able to observe opticalnd radiative fluxes during overpasses of the EOS spacecraft.
thick layers (visible optical thickness greater than about te§}ERES science team members are active participants on the
which will attenuate the lidar signal. A combined lidar/radaFIRE, ARM, and GEWEX experiment teams. CERES will rely
mission that synchronized its orbit with the EOS-AM1 opn these national and international programs to provide critical
EOS-PM1 would be ideal for global validation of CERES andalidation data. It is expected that the accuracy of CERES
EOS cloud properties, including the difficult polar cloud case¥alidation efforts will systematically improve as additional
Spaceborne cloud radar has been endorsed as a high pridgitiface/satellite and field experiment/satellite coincidences are
mission by the [Global Energy and Water Cycle Experime@btained. A large number of such coincidences will be required
(GEWEX)] of the World Climate Research Program. Thto validate the wide range of cloud and climate conditions
Geoscience Laser Altimetry System (GLAS), scheduled foithin the global climate system. Validation plan drafts have
launch in 2002, is planned to include cloud lidar capabilitpeen prepared for each of the CERES data products and were
but the orbit optimization required for its primary missiorfeviewed in Spring 1997. The plans are currently available on
(i.e., measuring ice sheet volume) is not optimal for validatidie same World Wide Web site as the CERES ATBD's.
of EOS cloud properties. As currently planned, GLAS will
obtain about 1% of its data (approximately 10% of one month
each year) nearly simultaneousf min) with EOS-AM1 or ACKNOWLEDGMENT
EOS-PM1, depending on the final selected orbit altitude. The authors would like to acknowledge the efforts of the
Established surface sites (e.g., ARM, BSRN, an@ERES Data Management Team and the CERES Instrument
SURFMAP) will provide one of the most critical sourcesTeam, who played critical roles in the implementation of the
of validation for CERES surface radiative fluxes and clouideas expressed in this algorithm overview. In particular, they
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would like to thank K. Costulis for extensive assistance in
preparation of the CERES algorithm documentation, both I#?!

the

present paper and in the entire set of CERES Algorithm

Theoretical Basis Documents available on the World Wide3]
Web. Comments by two reviewers also contributed substan-

tially to the clarity of the paper.
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